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FOREWORD 

This Indian Standard ( Part 6/Sec 3 ) was adopted by the Bureau of Indian Standards, 
after the draft finalized by the Semiconductor Devices and Integrated Circuits Sectional 
Committee had been approved by the Electronics and Telecommunications Division Council. 

This standard is one of a series of Indian Standards on measuring methods of analogue integrated 
circuits. This section of the standard provides measuring methods for analogue integrated 
circuits voltage regulators excluding two-terminal ( single-port ) devices. Various section of 
this part are : 

Section 1 General 

Section 2 Linear amplifier 

Section 3 Voltage regulator 

Section 4 Analogue signal switching circuits 

When more than one method of measurement of a particular characteristic are described, it is 
implied that any one method will be suitable. These methods may vary considerably in regard 
to accuracy desired, ease of measurements, etc. 

While preparing this standard, assistance has been derived from IEC Pub 748-3 'Semiconductor 
devices — Integrated ciruits — Part 3 : Analogue integrated circuits*, issued by the International 
Electrotechnical Commission ( IEC ). 

In reporting the results of a test or analysis made in accordance with this standard, if the final 
value observed or calculated is to be rounded off, it shall be done in accordance with IS 2 : 1960 
'Rules for rounding off numerical values (revised).' 
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SEMICONDUCTOR DEVICES — 
INTEGRATED CIRCUITS 

PART 6 ANALOGUE INTEGRATED CIRCUITS MEASURING METHODS 
Section 3 Voltage Regulators 



1 SCOPE 

1.1 This standard Part 6/Sec 3 provides 
measuring methods for integrated circuits 
voltage regulators excluding two-terminal 
( single-port ) devices. 

2 REFERENCES 

2.1 The Indian Standards Listed below are 
necessary adjuncts to this standard: 

Title 



IS No. 

1885 

( Part 7/Sec 5 ) 
1971 



3715 
( Part 1) : 

12970 
( Part 1 ) 



Electrotechnical vocabulary: 
Part 7 semicondutor devices, 
Section 5 Integrated circuits 
and microelectronics 

Letter symbols for semi- 
1971 conductor devices: Part 1 

General aspects 

Semiconductor devices — 
; 1990 Integrated circuits: Part 1 

General 



3 TERMINOLOGY 

3.1 For the purpose of this standard, the terms 
and definitions given in IS 1885 ( Part 7/Sec 5 ) : 
1971 shall be applicable in addition to 4 of 
IS 12970 (Part 1 ): 1990. 

4 LETTER SYMBOLS 

4.1 For the purpse of this standard, the letter 
symbols given in IS 3715 (Part 1 ) : 1971 shall 
be applicable. 

5 SPECIFIC REQUIREMENTS 

5.1 General Precautions 

5*1.1 Care should be taken, during all 
measurements, to ascertain that no parasitic 
oscillations occur. 

5.1.2 Input power supplies should have 
essentially zero impedance to signal frequencies 
used in the measurement. 

5.1.3 Undesired transient input voltages and 
currents should be avoided. 



5.1.4 If the measurement results are affected by 
thermal effects, measurement should be done in 
a short-time duration, for instance a pulse 
method is recommended and, in this case, the 
pulse conditions should be specified. 

5.1.5 All measuing equipment should introduce 
only negligible errors. This applies to both 
static and dynamic measurements. 

5.1.6 It is essential that the equipment for the 
measurement of output voltage should have an 
adequate sensitivity relative to the voltage differ- 
ence being measured. A suitable method is one 
in which the output voltage V is compared with 
a highly-stable pre-set reference voltage K re r. 
The difference between V and V T et is then 
detected and amplified, preferably by means of 
gain stabilized amplifier. 

6 INPUT REGULATION COEFFICIENT 
AND INPUT STABILIZATION 
COEFFICIENT [ 12 J 

6.1 Purpose 

To determine the input regulation coefficient 
and the input stabilization coefficient by 
changing the d.c. input voltage and noting 
the corresponding output voltage change. 

6.2 Circuit Diagram 

The circuit diagram is given in Fig. 1. 

6.3 Circuit Description and Requirements 

The circuit shall be capable of providing the 
device being measured with the required d.c. 
input voltage and with means to measure the 
resulting d.c. output voltage. Furthermore, 
the circuit shall include the required networks 
for connection to the device being measured. 

6.4 Precautions to be Observed 

The limiting values for the input voltage V x 
and for the difference between the input voltage 
V 1 and the output voltage V should not be 
exceeded. 
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NOTE — Together with any additional network required for limiting the output current and/or adjusting 
the output voltage. 

Fig. 1 Measurement Circuit 
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6.5 Measurement Procedure 

Switches S U) S u , S 2 S H , S 41 and 5 4a are in 
position a. 

The device being measured is brought to the 
specified temperature, and the specified net- 
works are connected to the device. The d.c. 
input voltage source is adjusted to the value V 1 
and then applied to the input of the device 
being measured. 

The corresponding output voltage V is noted 
or is adjusted to the specified value, where 
applicable. 

The d.c. input voltage is then changed by the 
required value &V X and the corresponding 
output voltage £K is noted. 

The input regulation coefficient is given by: 

a jyr. 

The input stabilization coefficient is given by: 

A Vo/V a 

A V^Vy 

6.6 Specified Conditions 

6.6.1 Ambient or reference-point temperature. 

6.6.2 Input voltage F, and its change £\V X . 

6.6.3 Output voltage F where applicable. 

6.6.4 Load network 1 ( to provide the required 
output current 7 ). 

6.6.5 External networks, where applicable 
( see Fig. 1 ). 

a) Limiting network, and 

b) Additional external networks. 

7 RIPPLE REJECTION RATIO [ 13 ] 

7.1 Purpose 

To determine the ripple rejection ratio. 

7.2 Circuit Diagram 

The circuit diagram is given in Fig. 1. 

7.3 Circuit Description and Requirement 

The circuit shall be capable of providing the 
device being measured with the required d.c. and 
a.c. input voltages and with means to measure 
the resulting d.c. and a.c. output voltages. 
Furthermore, the circuit shall include the 
required networks for connection to the device 
being measured. 



7.4 Precautions to be Observed 

The peak value of the a.c. input signal should 
not exceed the d.c. input voltage. 

7.5 Measurement Procedure 

Switches S n and 5 12 are set to position b, 
switches S 2 , S z , S ix and *S 42 are set to position a. 

The device being measured is brought to the 
specified temperature, and the specified net- 
works are connected to the device. The d.c 
and a.c. input voltages at the specified 
frequency are adjusted to the specified values 
V 1 and V\ respectively, and applied to the input 
of the device being measured. 

The corresponding d.c. output voltage V is 
noted or adjusted to the specified value, where 
applicable. The a.c. output voltage V is noted. 
The ripple rejection ratio is given by: 



20 log 



Vi 



v, 



( in decibels ) 



7.6 Specified Conditions 

7.6.1 Ambient or reference-point temperature. 

7.6.2 Input voltage V x , 

7.6.3 Output voltage V where aplicable. 

7.6.4 Peak value and frequency of a.c. input 
voltage. 

7.6.5 Load network 1 ( to provide the required 
output current I ). 

7.6.6 External networks, where applicable: 

a) Limiting network, and 

b) Additional external networks. 

8 LOAD REGULATION COEFFICIENT AND 
LOAD STABILIZATION COEFFICIENT [14] 

8.1 Purpose 

To determine the load regulation coefficient and 
the load stabilization coefficient by changing the 
d.c. output current and noting the correspond- 
ing d.c. output voltage change. 

8.2 Circuit Diagram 

The circuit diagram is given in Fig. 1. 

8.3 Circuit Description and Requirements 

The circruit shall be capable of providing the 
device being measured with the required d.c. 
input voltage and with means to measure the 
d.c. output voltage and the d.c. output current. 
Furthermore, the circuit shall include the 
required networks ( especially two different load 



IS 12970 ( Part 6/Sec 3 ) : 1992 



networks corresponding to two different d.c. 
output currents ) for connections to the device 
being measured. 

8.4 Precautions to be Observed 

The limiting value of P = ( V x — V ) x I 
should not be exceed. 

8.5 Measurement Procedure 

Switches S u , S l2i S& S 4l , and S 42 , are set to 
position a. Switch S 2 , is set initially to position a. 
The device being measured is brought to the 
specified temperature. The d.c. input voltage 
is adjusted to the specified value V x and then 
applied to the input of the device being 
measured. The corresponding d.c. output 
voltage V is noted or adjusted to the specified 
value, where applicable; the d.c. output current 
I is noted. 

Switch 5 2 is then changed to position b. The 
corresponding changes in d.c. output voltage 
A K and in d.c. output current A^o are noted. 
The load regulation coefficient is given by: 

A V /V 

The load stabilization coefficient is given by: 

A Fq/Kq 
A hth 

8.6 Specified Conditions 

8.6.1 Ambient or reference-point temperature. 

8.6.2 Input voltage V ± . 

8.6.3 Output voltage V where applicable. 

8.6.4 Load network 1 and 2 ( to provide the 
required output current I and change /\I )- 

8.6.5 External networks, where applicable ( see 
Pig. 1 ): 

a) Limiting network, and 

b) Additional external networks. 

9 OUTPUT NOISE VOLTAGE ( V n0 ) 

9.1 Purpose 

To measure the r.m.s. output noise voltage, at 
a specified d.c. input voltage. 

9.2 Circuit Diagram 

The circuit diagram is given in Fig. 1. 

9.3 Circuit Description and Requirements 

The circuit shall be capable of providing the 
device being measured with the specified d.c. 



input voltage. Furthermore, the circuit shall 
include the required networks for connection to 
the device being measured. Additionally, the 
circuit shall include a suitable filter to measure 
the r.m.s. output noise voltage within a 
specified noise bandwidth or, in the case of a 
narrow bandwidth, at a given centre frequency. 

9.4 Precautions to be Observed 

It should be ensured that no error is introduced 
by external noise voltage sources. 

9.5 Measurement Procedure 

Switches S n , S lv S 2 S 41 and S itt are set to 
position a. Switch S 3 , is set initially to position 
b. The device being measured is brought to the 
specified temperature, and the specified net- 
works are connected to the device. The d.c. 
input voltage is adjusted to the specified value 
V 1 and then applied to the input of the device 
being measured. The output voltage is adjusted 
to the specified value, where applicable. The 
r.m.s. output noise voltage is then measured. 

9.6 Specified Conditions 

9.6.1 Ambient or reference-point temperature. 

9.6.2 Input voltage V v 

9.6.3 Output voltage V where applicable. 

9.6.4 Noise bandwidth and, where applicable, 
centre frequency of a narrow bandpass filter. 

9.6.5 Load network 1 ( to provide the required 
output current I ). 

9.6.6 External networks ( see Fig. 1 ): 

a) Limiting network ( where appropriate ); 

b) Additional external networks, where 
applicable; and 

c) Low-pass or, where applicable, filter. 

10 TEMPERATURE COEFFICIENT OF 
REGULATED OUTPUT VOLTAGE [ 16 1 

10.1 Purpose 

To determine the temperature coefiicient of the 
regulated output by measuring this voltage at 
different temperatures. 

10.2 Circuit Diagram 

The circuit diagram is given in Fig. 1. 
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10.3 Circuit Description and Requirements 

The circuit shall be capable of providing the 
device being measured with the specified input 
voltage and with means to measure the result- 
ing output voltage. Furthermore, the circuit 
shall include the required networks for con- 
nection to the device being measured. 

The measuring system shall provide means for 
adjusting the temperature of the device being 
measured. 

10.4 Precautions to be Observed 

The limiting values for temperature and power 
should not be exceeded. 

10.5 Measurement Procedure 

Switches S u , S 12 , S 2 , S 3 , S ix and 5 42 , are set to 
position a. 

The device being measured is brought to the 
specified ambient or reference point temperature 
7\. The specified networks are connected to 
the device* The d.c. input voltage is adjusted 
to the specified value F a and then applied 
to the input of the device being measured. The 
corresponding voltage V 01 is noted or is adjusted 
to the specified value, where applicable. 

This measurement is repeated at a lower tem- 
perature T 2 and at a higher temperature T 3 and 
the corresponding output voltages K 02 and K 03 , 
respectively, are noted. 

The temperature coefficient of the output 
voltage is then given by: 

K 03 - Kn 



02 



(K-i) 



10.6 Specified Conditions 

10.6.1 Ambient or reference-point temperatures 
r lf T 2 and T 3 . 

10.6.2 Input voltage V v 

10.6.3 Output voltage V where applicable. 

10.6.4 Load network 1 ( to provide the required 
output current I ). 

10.6.5 External networks, where applicable (.see 
Fig. 1 ) : 

a) Limiting network; and 

b) Additional external networks. 



11 STAND-BY CURRENT ( QUIESCENT 
CURRENT ) [ 17 ] 

11.1 Purpose 

To determine the stand-by current ( quiescent 
current ) for specified values of input voltage 
and load current. 

11.2 Circuit Diagram 

The circuit diagram is given in Fig. 1. 

11.3 Circuit Description and Requirements 

The circuit shall be capable of providing the 
device being measured with the specified d.c. 
input voltage. Furthermore, the circuit shall 
include the specified networks for connection 
to the device being measured. Additionally, 
the circuit shall provide means to measure the 
input current and the output current. 

11.4 Precautions to be Observed 

It should be assumed that the current through 
the additional network ( for example reference 
source, voltage divider, etc ) is negligible. 
If this conditon is not satisfied, a correction is 
necessary in the calculation. 

11.5 Measurement Procedure 

Switches S n , S lt , S 2 , S 3 , S ix and S 42 , are set to 
position a. 

The device being measured is brought to the 
specified temperature, and the specified net- 
works are connected to the device. The d.c. 
input voltage is adjusted to the specified value 
V x and then applied to the device being measu- 
red. The output voltage is adjusted to the 
specified value, where applicable. The input 
current I x and the output current 7 are 
measured. 

The stand-by ( quiescent ) current is given by: 
h - 'o 

11.6 Specified Conditions 

11.6.1 Ambient or reference-point temperature. 

11.6.2 Input voltage V x . 

11.6.3 Output voltage V where applicable. 

11.6.4 Load network 1 ( to provide the required 
output current /„). 

11.6.5 External networks, where applicable 
( see Fig. 1 ): 

a) Limiting network; and 

b) Additional external networks. 
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12 SHORT CIRCUIT CURRENT [ 18 ] 

12.1 Purpose 

To measure the short-circuit current at a 
specified input voltage. 

12.2 Circuit Diagram 

The circuit diagram is given in Figure 1. 

12.3 Circuit Description and Requirements 

The circuit shall be capable of providing the 
device being measured with the specified input 
voltage and with means to measure the output 
current within a specified time. 

Furthermore, the circuit includes the required 
networks ( including a zero-imp endanee load ) 
for connection to the device being measured. 

12.4 Precautions to be Observed 

The duration of the short-circuit condition 
shall not exceed the specified value or other- 
wise the regulator may be damaged permanently 
or may suffer an irreversible change of 
characteristics. 



12.5 Measurement Procedure 

Switches *S n , S lz , S^ «S 41 and S 42 are set to 
position a and switch S 29 is initially set to 
position a. The device being measured is 
brought to the specified temperature, and the 
specified networks are connected to the device. 
The d.c. input voltage is adjusted to the speci- 
fied value V t and then applied to the device 
being measured. The output voltage is adjusted 
to the specified value, where applicable. 
Switch S 2 is then set to position c, and the 
short-circuit output current is measured within 
the specified time interval. 

12.6 Specified Conditions 

12.6.1 Ambient or reference-point tempera- 
ture. 

12.6.2 Input voltage V r 

12.6.3 Output voltage V where applicable. 

12.6.4 Duration of the short-circuit condition 
at the output. 

12.6.5 Load network 1, where applicable. 

12.6.6 External networks, where applicable ( see 
Fig. 1 ): 

a) Limiting network; and 

b) Additional external networks. 



13 REFERENCE VOLTAGE ( V ref ) [ 19 1 

13.1 Purpose 

To measure the reference voltage of a regulator 
at specified input voltage, where a reference 
terminal exists. 

13.2 Circuit Diagram 

The circuit diagram is given in Fig. 1. 

13.3 Circuit Description and Requirements 

The device being measured is connected in the 
measurement circuit under the recommended 
operating conditions. A voltmeter is connected 
to the reference terminal. 

13.4 Precautions to be Observed 

No special precaution. 

13.5 Measurement Procedure 

Switches S ll9 S u , S 2 , £ 3 , S 4l and £ 4a are set to 
position a. 

The device being measured is brought to the 
specified temperature, and the specified net- 
works are connected to the device. The d.c. 
input voltage is adjusted to the specified value 
V x and then applied to the input of the device 
being measured. The output voltage is adjusted 
to the specified value, where applicable. The 
reference voltage is noted. 

13.6 Specified Conditions 

13.6.1 Ambient or reference-point temperature. 

13.6.2 Input voltage V x . 

13.6.3 Output voltage V where applicable. 

13.6.4 Load network 1 ( to provide the required 
output current ). 

13.6.5 External networks, where applicable (see 
Fig. 1 ): 

a) Limiting network; and 

b) Additional external networks. 

14 TRANSIENT RESPONSE TO CHANGES 
OF INPUT VOLTAGE [ 20 J 

14.1 Purpose 

To measure the value of the change of the out- 
put voltage for a step change of input voltage 
and time required for the output voltage to 
settle within a specified percentage of this 
change. 
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14.2 Circuit Diagram 

The circuit diagram is given in Fig. 1. 

14.3 Circuit Description and Requirements 

The circuit shall be capable or providing the 
device being measured with the specified d.c. 
and pulse input voltage and with means to 
measure the levels and the time behaviour of 
input and output voltages. The circuit provides 
means to measure the d.c. output current and it 
includes the specified networks for connection 
to the device being measured. 

14.4 Precaution to be Observed 

Small-signal conditions shall apply. The pulse 
duration should be long compared with the 
transient response time. 

14.5 Measurement Procedure 

Switches S n and 5 l2 are set to position c 
S3, S 41 and S 4g are set to 



and switches S, 
position a. 

The device being measured is brought to the 
specified temperature, and the specified net- 
works are connected to the device. The d.c. 
and pulse input voltages are adjusted to the 
specified values and then applied to the input 
of the device being measured. The output 
voltage is adjusted to the specified value, where 
applicable. The output voltage change V Q and 
the time t x required for it to settle within the 
specified percentage c of this change V are 
measured ( see Fig. 2 ). 

14.6 Specified Conditions 

14.6.1 Ambient or reference-point temperature. 

14.6.2 Input voltage V v 

14.6.3 Output valtage V where applicable. 

14.6.4 Voltage pulse conditions: 

a) Amplitude V p ; 

b) Rise time and fall time; 

c) Repetition rate; and 

d) Duration. 

14.6.5 Value of 2 expressed as percentage of 
the output voltage change. 

14.6.6 Load network 1 ( to provide the required 
output current I ). 

14.6.7 External network, where applicable ( see 15.6.1 Ambient or reference-point temperature. 
Fig. 1 ) 

15.6.2 Input voltage V x . 



15 TRANSIENT RESPONSE TO CHANGES 
OF LOAD CURRENT [ 21 ] 

15.1 Purpose 

To measure the value of the change of the out- 
put voltage deviation for a step change of load 
current and the time required for the output 
voltage to settle within a given percentage of 
this change. 

15.2 Circuit Diagram 

The circuit diagram is given in Fig. 1. 

15.3 Circuit Description and Requirements 

The circuit shall be capable of providing the 
device being measured with the specified d.c 
input voltage, and the pulse current at the 
output and with means to measure the levels 
and the time behaviour or output voltage and 
current. The circuit includes the specified 
networks for connection to the device being 
measured. 

15.4 Precautions to be Observed 

Small-signal conditions shall apply. The pulse 
duration should be long compared with the 
transient response time. 

15.5 Measurement Procedure 

Switches 5 llf 5 l2 , S 2 , 5 3 , 5 41 and S 4s are set to 
position a. 

The device being measured is brought to the 
specified temperature, and the specified net- 
works are connected to the device. The d.c 
input voltage is adjusted to the specified value 
V x and then applied to the input of the device 
being measured. The corresponding output 
voltage V is recorded or is adjusted to the 



specified value, 
measured. 



The output current / is 



The pulse current source is adjusted to the 
specified values and then applied to the output 
of the device being measured by setting switch 
S A1 to position b. The output voltage A^o an d 
the time t 2 required for it to settle to within the 
specified percentage 2 of this change A^o are 
measured ( see Fig. 3 ). 

15.6 Specified Conditions 



a) Limiting network; 

b) Additional external networks. 



15.6.3 Output voltage V where applicable. 
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15.6.4 Current pulse conditions: 

a) Amplitude l p ; 

b) Rise time and fall time; 
e) Repetition rate; and 

d) Duration. 

15.6.5 Value of £ expressed as percentage of 
the input voltage change. 



15.6.6 Load network 1 
required output current ). 



( to provide the 



15.6.7^ External 
( see Fig. 1 ). 



networks, where applicable 



a) Limiting network; and 

b) Additional external networks. 
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ti = RESPONSE TIME 

Fig. 2 Transient Response to Changes of Input Voltage ( Example } 
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t. = RESPONSE TIME 

Fig. 3 Transient Response to Changes of Bad Current ( Example ) 
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